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ABSTRACT 



Aims. The aim of the present study is to determine the Li abundances for a large set of the FGK dwarfs and to analyse 
the connections between the Li content, stellar parameters, and activity. 

Methods. The atmospheric parameters, rotational velocities and the Li abundances were determined from a homogeneous 
'm,^ '. collection of the echelle spectra with high resolution and a high signal-to-noise ratio. The rotational velocities vsini 

• were determined by calibrating the cross-correlation function. The effective temperatures Tcs were estimated by the 

line-depth ratio method. The surface gravities logg were computed by two methods: the iron ionization balance and the 
parallax. The LTE Li abundances were computed using synthetic spectra method. The behaviour of the Li abundance 
^ ^ was examined in correlation with Tcff, [Fe/H], as well as with vsini and the level of activity in three stellar groups of 

the different temperature range. 

Results. The stellar parameters and the Li abundances are presented for 150 slow rotating stars of the lower part of MS. 
The studied stars show a decline in the Li abundance with decreasing temperature T^a and a significant spread, which 
should be due to the difference of age of stars. The correlations between the Li abundances, rotational velocities vsini, 
and the level of the chromospheric activity were discovered for the stars with 6000>Tcfi>5700 K, and it is tighter for 
the stars with 5700>rcft >5200 K. The target stars with rcfi<5200 K do not show any correlation between log A(Li) 
and Dsini. The relationship between the chromospheric and coronal fluxes in active with detected Li as well as in less 
active stars gives a hint that there exist different conditions in the action of the dynamo mechanism in those stars. 
Conclusions. We found that the Li-activity correlation is evident only in a restricted temperature range and the Li 
abundance spread seems to be present in a group of low chromospheric activity stars that also show a broad spread in 
the chromospheric vs. coronal activity. 
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CN 1. Introduction lation with either (Duncan 119811 Duncan & Jones 119831 

' ■ 1 r r. r -,r.fi • Sodeiblom et aL I1993ap . Whether a tight relation exists 

■ Li burns at temperatures of 2.5 •10^' via a captures, ^^^^^^^ Li abundance and the stellar mass, the spread, 

. . which makes It a useful probe of the mixing m stars The observed in the Li abundance owing to presence of spots on 

V ■ connection of the Li abundance with stellar a^ty has a ^^^^^^^ (Soderblom et al. [im^ or to the main- 

q • long history (Herbig 1965 Pallavicim et al It was ^ (ms) depletion (Thorburn et al. W is still an 

. soon realized that, like stellar activity, high Li abundance is open question 
found in young stars, although the Li abundance, by itself, 

is not sufhcient to estimate the age of a star. Skumanich A spread of the Li abundance in the open cluster (OC) 

(|1972p showed that both the chromospheric emission of the stars and bina ries w ith th e sam e mass and the Li depletion 

Ca II H and K hues and the rotational velocity decline as (Martin et al. '2002, King 2010), as well as higher Li a,bun- 

the square root of the age of stars {the Skumanich law), dance of rapidly rotating dwarfs (Cutispoto et al. 



However, the Li abundance does not show a tight corre- are not corroborated by the theoretical predictions of the 
near-solar masses, in which the convection was only con- 
Send offprint requests to: T. V. Mishenina sidered as a mixing mechanism (Randich , 2DT01) , and fast 
* Based on the spectra collected with the ELODIE spectro- rotation intensifies the mixing pro cess th at leads to the Li 
graph using the 1.93-m telescope at the Observatoire de Haute destruction (e.g. Charbonnel et al. lT992ll . 

Provence (CNRS, France). 

** Table 3 is only available in electronic form at the CDS via The observation of the rotation and chromospheric 

the anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via emission in the F, G, and K dwarfs of the OC stars al- 

[http://cdsweb.u-strasbg.fr/cgi-bin/qcat7J/A-l-A/ (vo l )/(page) lowed a reliable age- rotation relationship to be established 
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that is one of the bases of the method of estimating age 
depending on the level of activity, so-called gyrochronology 
(Soderblom et al. 1993bc, Barnes 2003!). That paradigm 
can serve as a basis for understanding the relationship of 
activity, the light elements content and rotation (Barnes 

mm- 

Analysis of the mechanisms that provided the Li over- 
abundance was carried out for the stars of the RS CVn - 
type binaries with spots and a significant rate of rotation 
(Pallavicini et al. 119921 Pallavicini et al. 119931 Randich et 
al. ll993p . In doing so, the moderate excess (overabundance) 
of Li compared to normal stars of the same spectral types 
was confirmed, and the correlation with the rotation pa- 
rameter and the chromospheric fluxes was not discovered. 
The possibility of the Li enrichment, connected to the pres- 
ence of spots and the production of additional Li in areas 
(Pallavicini et al. I1992p . was not eliminated. The fresh iso- 
topes of Li can be produced by the nuclear interactions 
of ions, accelerated at the surface of the flaring stars (see 
e.g. C anal et al fTOT^ Livshits lTWl Tatischeff & Thibaud 
I2007p . Only one observational result that attests to the 
Li growth in the stellar area was obtained by Montes & 
Ramsey PMH]) . 

The chromospheric and coronal activities of late-type 
stars have been studied more in past decades (Guedcl 2004, 
Guinnan & Enge .2009, Katsova & Livshits i2Dll} . Katsova 
& Livshits (|201ip find that the ideas about the gyrochronol- 
ogy (Mamajek & Hillenbrand 12008^ is valid for the stars 
that are hotter than the Sun (with Tef{> T^sq), but for the 
late-type dwarfs stars (with Toff < T^sq), whose convection 
zones are thicker than the solar ones, the activity evolves in 
time apparently according to the other law. Studing those 
stars that are both hotter and cooler than the Sun, can clar- 
ify the understanding of the features and causes of activity 
of the FGK dwarfs, as well as the real relation between the 
enhancement of Li and activity. 

In this study we aim at finding some observational evi- 
dence of the Li abundance - activity behaviour in the stars 
in the lower part of the MS, that are the slow rotating 
dwarfs with masses close to the solar one. 

The paper is divided as follows. The observational data 
are described in Sect. 2; Sect. 3 is devoted to the descrip- 
tion of the levels of activity of the investigated stars; the 
methods and errors in determining of the rotational veloc- 
ities, atmospheric parameters and the Li abundances are 
presented in Sections 4, 5, and 6, respectively. In Sect. 7, 
the Li abundance behaviour is considered in relation with 
the stellar and activity parameters. Conclusions are drawn 
in Sect. 8. 



2. Observations and the spectral processing 

The spectra of 150 stars were obtained using the 1.93 m 
telescope at the Observatoire de Haute-Provence (OHP, 
France), equipped with the echelle type spectrograph 
ELODIE (Barrane et al. 1996) which provides a resolving 
power of R = 42 000. Most of the target stars, 126 stars on 
the lower part of the MS that are examined in the present 
study, were taken from our previous paper Mishenina et al. 
(2008) (M08). Some stars from M08 were eliminated from 
the analysis because it was impossible to estimate the Li 
abundances owing to distortions of the spectra in the Li 
line region. A set of 24 stars was added with spectra that 



were previously analysed by Mishenina et al. (|2004p or re- 
trieved from the ELODIE archive (MouUaka et al. I2004p . 
All 150 spectra were processed homogeneously using the 
same methods. 

The extraction of the ID spectra and measurement of 
the radial velocities were performed with the standard on- 
line ELODIE reduction software, while the deblazing and 
removal of cosmic particles were carried out following Katz 
et al. (|1998p . Further processing of spectra (the continuous 
spectrum level set up and measurement of the equivalent 
widths) was conducted using the DECII20 software package 
(Galazutdinov I1992p . Figure [T] shows the Li region in the 
spectra for some target stars. 



3. Levels of activity of the investigated stars 



In lM08l we investigated the difference between the elemen- 
tal abundances in active and inactive stars. We labelled as 
active those stars of the BY Dra type, RS CnV type, and 
flare Fl stars according to SIMBAD. We also classified six 
variable stars as active that showed evidence of the chro- 
mospheric activity in their Ca ii and Hq lines (see details in 
M08). In the present study, we also considered active those 
with a high level of activity, as discussed below. 

As an indicator of the level of the chromospheric activ- 
ity we examined the corresponding index logi?jjj^ that mea- 
sures the chromospheric emission in the cores of the broad 
photospheric Can H and K absorption lines, normalized to 
the underlying photospheric spectrum. For a part of the 

target stars with Teff> 4800 K, we found the log-Rjj^ '^^1" 
ues in Wright et al. (|2004l) . We also used the data from the 
studies by Henri et al. (|1996p . H all et a l. (|2007p . Bahunas et 
al. ( 1995) . and Maldonado et aL ([20T0)) . A total of 84 differ- 
ent stars were retrieved from those catalogues. The values of 
logi?jjj^ by Wright et al. (|2004p are compared to those from 
different studies (Tabled]), and agreement is good. For some 
stars where the logi?jjj^ index was not detected, we deter- 
mined it on the base of the correlation between the chromo- 
spheric and the X-ray (Mamajek & Hillenbrand 2008). The 
X-ray was taken from the ROSAT All-Sky Survey (Voges 
et ah 119991) . 

On having applied this index, it was necessary for us to 
pick out its value, corresponding to the "section boundary" 
between active and inactive stars. It should be noted that 
the values of indices themselves differ from each other in 
various studies. The discussion for some of these stars can 
be seen in the Appendix. 

We accepted that the transition between active and in- 
active stars occurs at logi?jjj^^-4.75. As indicated by Lovis 
et al. 120111 "this value corresponds to active stars according 
to the limit given by the Vaughan-Preston gap (Vaughan 
& Preston 1980)'. Moreover, a close value of logi?jjj^~- 
4.80 was declared in the study by Jenkins et al. (|201ip and 
Katsova & Livshits pOTTj) . 



4. Rotational velocities 

We measured the rotational velocities (wsini) of the target 
stars with a relation calibrated by Queloz et al. (|1998p . 
giving vsini as a function of aRV, the standard deviation 
of the ELODIE cross-correlation function, approximated by 
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Table 1. Comparison of the logi?jjj^ obtained by Wright 
et al. (j2004p and from other sources 



AlogiiHK 


a 


N 


sources 


0.00 


±0.09 


6 


Henrv et al. (1996.) 


0.01 


±0.04 


7 


Baliunas et al. (119951) 


-0.01 


±0.07 


7 


Hall et al. (l2007l) 




U 1 6707.8 



6708 6710 
Lambda, A 



Fig. 1. The spectra in the Li 6707 A line region for some 
of the target stars. 




Fig. 2. Position of our target stars in the log L/Lq vs. log 
Teff diagram. Evolutionary tracks were taken from Girardi 
et al. 120001 the stars of the BY Dra types are marked as 
semi-full circles, the other stars as full circles. 



the Gaussian. The relation is the following: 



vsini — 1.90 



RV 



The parameter ctq represents the mean intrinsic width 
for the non-rotating stars. It was calibrated by Queloz et 
al. (P^M)) as a function of (B-V): 

cro = 0.27(B-y)2±4.51. 

This vsini calibration is valid for the stars in the colour 
range 0.7 < B — V < 1.4, with slow and moderate rota- 
tion rates (< 40kms~^) and the solar metallicities that are 
consistent with our stars. 
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Fig. 3. The distribution of t;sim and logi?jjj^ of our target 
stars 
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Fig. 4. Lithium abundances vs. Toff. The medium trend of 
the Pleiades and the Hyades is represented according to 
Soderblom et al. (|1993ap and Thorburn et al. (1993]), re- 
spectively. The stars with a high level of the chromospheric 
activity (logi?jjj^>-4.75) are marked as full circles, those 
with a weak level of activity (logi?jjK:<-4.75) as open cir- 
cles. Triangles denote the upper limits of the Li determi- 
nations. The stars, for which logi?jjj^ arc not defined, are 
marked as small full circles. 

We compared our values of wsini with the results of 
determinations by other authors (Table [2]). The comparison 
of our wsini determinations with six other studies shows 
good compliance. The low values of vsvai are the upper 
limits of the projection of the rotational velocity definition. 
The obtained values of vsun are given in Table |31 



5. Atmospheric parameters 

We defined parameters (Tcff, logg, [Fe/H]) just for several 
newly included stars and for the others we used the determi- 
nations by Mishenina et al. (|2004ll and M08. The effective 
temperatures Toff were estimated by the line-depth ratio 
method (Kovtyukh et al. I2004P . The surface gravity log g 
was computed by two methods: the iron ionization balance 
logg/B and the parallax loggp. The results of applying 
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Table 2. Comparison of our Tjsini values with those of 
other authors (the mean difference and standard deviation 
are presented). 



Av sin i 


a 


n 


source 


-0.15 


±1.33 


83 


Nordstrom et al. (I2004II 


-0.37 


±1.18 


67 


Valenti & Fisher (|20()5|) 


-0.70 


±2.00 


26 


Tokovinin (1992) 


-0.29 


±0.71 


25 


Fuhrmann (200?]) 


0.13 


±0.96 


14 


Benz & Mayor (Il984ll 


-0.56 


±0.67 


12 


Gaidos et al. (I2000II 



of those two methods are in good comphance (|M08p . For 
cooler stars, which are short in the Fell lines, the paral- 
lax was the only method used. The microturbulent velocity 
Vt was derived by considering that the iron abundance log 
A(Fe), obtained from the given Fei line, is not correlated 
with the equivalent width (EW) of that line. The adopted 
metallicity [Fe/H] is the iron abundance, which was deter- 
mined from the Fe i lines. 

The comparison of the obtained atmospheric parame- 
ters with those by the other authors is given in Table E) As 
is evident, there is no significant difference between various 
determinations. The errors of the obtained temperature de- 
terminations are given for each star, once determined by 
the line-depth ratio method. For logg, Vt, and [Fe/H], we 
estimated the errors to be 0.2 dex, 0.2 dex, and 0.05 dex, 
respectively. 

6. Determination of the Li abundance 

We used the grid of the stellar atmosphere models un- 
der the overshooting approximation from Kurucz (1993) 
to compute the abundances of Li and metallicity [Fe/H]. 
The Li abundances in the investigated stars were obtained 
by fitting the observational profiles to the synthetic spectra 
that were computed by the STARSP LTE spectral synthesis 
code, developed by Tsymbal (|1996p . Considering the wide 
temperature and metallicity ranges of the target stars, we 
made every effort to compile the full list of the atomic and 
molecular lines close to the ^Li 6707 A line (Mishenina & 
Tsvmbal ll997p . Calculating the synthetic spectra, we used 
the values of vsini, obtained with the relation calibrated by 
Queloz et al. (19985 described above. The stellar parame- 
ters and the Li abundances, measured in the present study, 
as well as the basic stellar characteristics are presented in 
Table [31 

Table [5] shows the example of three stars with differ- 
ent parameters: the error determination for some typical 
models of the investigated stars, for strong lines with EWi 
= 100 mA and for weak lines with EW2 — 5 mA with 
AToff = +100 K (column 1); Alogg= -0.2 (column 2); 
AVt=+0.2 km/s (column 3); AEWi=±3 mA (column 4); 
and AEWi=±2 mA (column 5). The total error is given m 
column 6. As seen in Table [Sj the total uncertainty grows 
for the stars with decreasing temperatures and depends on 
the EW lines. It reaches 0.10-0.14 dex in the abundance de- 
termination for strong lines (near 100 mA) and 0.18-0.20 
dex for weak lines (near 5 mA). 

The comparison of the stellar parameters and the Li 
abundance with the results by other authors is given in 
Table [HI In Table [7] we compared our Li abundances with 
those in some papers, which have only one common star 



with our work. The parameters and the Li abundance, de- 
termined by us, are mainly in good compliance with the 
determinations of other authors. The comparison was made 
for the precise determinations of the Li content, but not for 
the estimations of the upper limits of the Li abundance. 
As marked in the study by Lubin et al.f 12010]) . which col- 
lected the determinations of the Li abundance, made in 
thirty studies by different authors and for various objects, 
for log A(Li)>1.5 there is a relatively small dispersion in 
the Li abundance detections among various measurement 
programmes, while the scattering increases for lower log 
A(Li). The difference in log A(Li) is about 0.5-1 dex. 

7. Lithium, stellar parameters, and activity 

Our target stars have been selected as the stars belong- 
ing to the lower part of the MS upon photometric criterion 
(Mv-(B~V)), where Mv= V + 5 + 2.5 logvr (M08). Figure 
[2] shows the positions of the investigated stars at the lumi- 
nosity log L/Lq against the effective temperature log T^s 
diagram where log L/Lq — 0.4(4.75- Mboi), and Mboi= 
Mv+ BC (the bolomctric corrections BC were taken from 
Flower [1996) and the evolutionary tracks by Girardi et al. 
120001 Those stars are the FGK spectral type ones, and as 
can be seen from Fig. [2j they are almost evenly distributed 
over the effective temperature and have masses of about 
the solar one (from 0.7 to 1.1 Mq). They have the average 
value of gravity <logg> equal to 4.45 ±0.16 and metal- 
licity <[Fe/H]> = -0.01 ±0.17. The rotational velocities 
of the investigated stars generally do not exceed 6 km/sec 
(Fig. 3, upper panel). The X-ray flux distribution has just 
one peak and the average value equals -4.58 ±0.58; how- 
ever, the distribution of the intensities of the H and K Can 
emission lines in the chromospheres has two peaks that are 
separated by value logi?jjK= -4.75 (Fig. 3, bottom panel), 
which correspond to the values adopted by us (Section 3). 
Comparison of this histogram with similar distributions for 
active late-type stars (see, for instance, Katsova & Livshits 
2011) shows that our set of stars is characterized by rela- 
tively moref stars with the higher activity. 

The Li is detected in 43 stars among 69 stars with a high 
level of the chromospheric activity, while it is detected in 
ten stars among 31 dwarfs with weak level of the solar- type 
activity, i.e. in about 62% and 31% , respectively. We have 
confirmed our previous result ( M08j that the frequency of 
stars with the observed Li abundance is higher in active 
stars. 

7.1. Lithium abundance behaviour in relation to T^s and 
metallicity 

The obtained Li abundances log A(Li) are presented as a 
function of the effective temperature T^s in Fig. [4] Our 
set of stars showed a typical decrease of the Li abundance 
with decreasing temperature as predicted by the theoretical 
calculations (e.g. D'Antona & Mazzitelli I1997|) . but with 
a rather wide spread. The active stars have higher values 
for the Li abundance than the usual dwarfs at any given 
temperature. 

The excess of Li may be explained, in particular, by the 
production of additional Li in the fiares. To refine that as- 
sumption, it is necessary to study the isotopic ratio ^Li/^Li, 
which requires spectra with resolution better than 100 000 
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Table 3. The stellar parameters, determined in the present study, logg(l): spectroscopic, 
logg(2): astrometric, object type from SIMBAD, Rx adopted from the ROSAT catalogues 
or estimated from the ROSAT archive data, indices log-Rjjj^retrieved from different sources, 
the measured Li abundance and the class of activity. 



HD 


Tcs 


logg(l) 


logg(2) 


[Fc/H] 


vsini 


object type 


Rx 


log^HK 


Ref 


log A(Li) 


class 


166 


5514 


4.6 


4.6 


0.16 


4.0 


BY 


-4.31 


-4.33 




2.24 


A 


1835 


5790 


4.5 




0.13 


6.51 


BY 


-4.58 


-4.44 


W04 


2.45 


A 


3651 


5277 


4.5 


4.5 


0.15 


0.0 


V 


-6.07 


-5.02 


W04 


<-0.52 


wA 


4256 


5020 


4.3 


4.3 


0.08 


1.5 










<-0.40 




4628 


4905 


4.6 




-0.21 


1.5 




-5.93 


-4.85 


H96, B95 


<-0.45 


wA 


4635 


5103 


4.4 


4.4 


0.07 


1.4 






-4.67 


W04 


<0.15 


A 


4913 


4342 


4.4 




0.05 


2.15 










<-0.90 




6660 


4759 


4.6 




0.08 


2.5 










<-0.50 




7590 


5962 


4.4 


4.4 


-0.10 


6.7 


BY 


-4.69 


-4.53 


W04 


2.73 


A 


7924 


5165 


4.4 


4.4 


-0.22 


1.1 




-5.71 


-4.83 


W04 


<-0.30 


wA 



Notation. The logR^j^ values, taken from Wright et al. ()2004[l are marked by W04; from Henri et al. 119961 - marked by H96; from 
Hall et al. (|2007ll - by H07; from Baliunas et al. (1595)) - by B95, from Maldonado et al. pjTU)) - by MIO. The stars with weak 
levels of the solar-type activity are marked by wA; the stars with high levels of the solar-type activity are marked by A in the last 
column. 

Table 4. The comparison of the atmospheric parameters obtained by us with those by the other authors. 





Alogg 


A[Fo/H] 


n 


source 


16 ± 68 






32 


Masana et al. ( 2006 ) 


-8 ± 63 


-0.14±0.18 


-0.03 ± 0.08 


67 


Valenti & Fisher ( 2005 ) 


42 ± 36 


-0.07±0.15 


0.00 ± 0.05 


26 


Fuhrmann (2008.) 


1 ± 73 


-0.01±0.17 


-0.03 ± 0.04 


14 


Gaidos & Gonzalez ||2002|| 



Table 5. The influence of the stellar parameters on the Li abundance determination. 





Parameter deviations 




Total 


error 




Alogg AVt EW=100mA EW = 5mA 


strong lines 


weak lines 


-100 K 


-0.2 +0.2 -1-3 mA +2 mA 








0.095 


re//=5800, log g=4.5, Vt =1.0 km/s, [Fe/HJ= 
0.001 0.009 0.03 0.15 


0.0 


0.10 


0.18 


0.113 


Te//=5000, log ff=4.5, Vt =1.0 km/s, [Fe/HJ = 
0.003 0.006 0.03 0.15 


0.0 


0.12 


0.19 


0.141 


Te//=4600, log ff=4.5, Vt =1.0 km/s, |Fe/HJ = 
0.000 0.008 0.03 0.15 


0.0 


0.14 


0.20 



Table 6. The comparison of the atmospheric parameters and the Li abundance with those obtained by the other authors. 





Alogg 


A [Fe/HJ 


A(Li) 


n 


source 


67 ± 137 


0.23±0.11 


0.11 ±0.08 


-0.01±0.10 


3 


Chen et al. ( 2001 ) 


76 ± 69 






0.09±0.14 


3 


Favata et al. (1997) 


29 ± 67 


0.06±0.17 


0.03 ±0.06 


-0.08±0.12 


10 


Takeda et al. (|2005; |2007|| 


24 ± 51 


0.11±0.15 


0.04 ±0.09 


0.00±0.04 


5 


Luck & Heiter 1200611 



Table 7. The comparison of the parameters and the Li abundance for some stars 



HD 




logg 


log A(Li) 




17925 


5225 


4.56 


2.68 


this work 




5235 


4.66 


2.82 


Takeda et al. (l2005l) 




5012 


4.60 


2.45 


Christian et al. (12005|) 


30495 


5820 


4.40 


2.35 


this work 




5880 


4.67 


2.45 


Israehan et al. (|2004l) 


190406 


5905 


4.30 


2.28 


this work 




5797 


4.38 


2.26 


Chen & Zhao (|2006|) 


219623 


5949 


4.20 


2.60 


this work 




6103 


4.18 


2.76 


Takeda et al. (IliOOSI) 




6130 


4.21 


2.68 


Lambert et al. (119911) 
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Fig. 5. The Li abundances vs. [Fe/H], the notation is the 
same as in Fig|4l 



and a signal-to-noise ratio greater than 400. That is beyond 
the scope of the present study. 

This spread is unUkely owing to the difference in metal- 
hcity, because Fig. [5] with log A(Li) vs. [Fe/H] shows ev- 
idence of the fairly compact distribution of metallicity 
around the solar value for active stars. 

Then, we compared the Li abundance behaviour with 
"the middle course of the Li trend" for several OCs of dif- 
ferent ages (in Fig. 3 the trends are given schematically). We 
can see in Fig. 3, the Li abundance spread is due to different 
ages of stars. Younger stars have higher Li abundance, but, 
at the same time, they are actually active stars. 

7.2. Relationship between tlie Li abundance, rotation, and 
the chromospheric activity index 

Below we consider the dependencies of the Li abun- 
dance on other parameters, including the activity indices, 
for the stars of three different temperature ranges: the 
first group with 6000>Tcff>5700, the second group with 
5700>Teff>5200, and the third group with Teff<5200 K. 

Those dependencies are quite clearly expressed for the 
first two groups of stars: both the Li abundance and the 
chromospheric activity grow for the faster rotators. The 
values of log A(Li) are higher for the solar-type stars than 
for the stars cooler than the Sun (i.e. the late-type G stars). 
The spread of these parameters in Figs. 6a, b and 7 a, b is 
somewhat greater for the first group of stars than for the 
second one. 

Those results can be seen more evidently we compare 
the Li abundance with the chromospheric activity (Fig. 8). 
It is also clear that the log A(Li) values are greater for 
the stars in the first group than in the second one. The 
correlation coefficient is 0.64 for the solar-type stars, and 
0.77 for the stars cooler than the Sun. The spread of values 
of log A(Li) is less for the stars of the second group 

For a few stars with Tcs lower than 5200 K, a detectable 
value of the Li abundance was obtained. Those stars (see 
Fig. 6c) demonstrate the absence of the correlation prac- 
tically between log A(Li) and vsini and there are some 
outliers with high velocities and low Li abundances. Those 
stars, except HD 29697, are known stars of the BY Dra 
type (namely, V833 Tau, V834 Tau, BY Dra, OU Gem, 
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and V775 Her) binaries, stars with low temperatures and 
very weak lines of Li in the spectra of the main component. 

The lower abundances of Li for the later G stars are 
associated with the fact that the convection zones of those 
stars become deeper than that on the Sun. The decrease 
in the Li abundance must be observed at Tes< 5800 K 
where the bottom of the surface convection zone reached 
the regions where Li, Be, and B burn (e.g. Michaud et al. 
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Fig. 8. Dependence of the Li abundance on logi?jjj^ for the 
stars with 6000>roff>5700 (full circles) and with Toff from 
5700 to 5200 K (asterisks) 



I2004P and the strong convection destroys Li at Tcff< 5400 
K (e.g. Iben fTMSl D'Antona & Mazzitelh lTMil etc). 

Good correlations between log A(Li) and logi?jjj^ with 
vsini for G-type stars are evidence that the rotation is a 
key factor in the physical processes that are responsible for 
the levels of the Li abundance and the chromospheric ac- 
tivity. Some distinctions of those dependences are due to 
the different role of the rotation rate in both processes. 
The Li abundance depends on the axial rotation rate in- 
directly through the age, while the dynamo process is a 
direct consequence of interaction between the rotation and 
the turbulent convection. 



7.3. How can studying lithium help with understanding the 
general problems of stellar activity? 

Up to now stellar activity has been studied for the young 
objects with activity close to saturation and less ac- 
tive stars observed during execution of Exoplanet Search 
Programmes (for example, Wright et al. l2004l and Martmez- 
Arnaiz et al. I201ip . Previously, we studied the relationship 
between the coronal and chromospheric activity (Katsova 
& Livshits 120061 [2IITT|) . Here we also consider a set of stars 
that contains objects with a detectable Li line and with 
moderate activity levels. Data on the chromospheric activ- 
ity indices are adopted from the papers cited in Section 3. 
The soft X-ray radiation of all those stars was adopted from 
the ROSAT data (Schmitt & Liefke [2004, Huensch et al 
11999)) and the XMM-Newton observations (Poppenhaeger 
et al. I^OTUl [WT|) . The data for more than 50 stars with 
detected Li abundances allows us to fill up a gap between 
low- and saturated activity on the chromosphere-corona di- 
agram constructed by Katsova & Livshits (|201ip for 172 
stars including the Sun. In this way, the whole set of stars 
includes stars with the low- and high activity levels. 

The results are presented in Fig. 9. Newly added stars 
with detected Li hardly deviate from the straight line by 
Mamajek & Hillenbrand (|2008p corresponding to the linear 

regression between log \ogR^^ and log Lx / L^oi ■ Most stars 
of that group are hotter than the Sun. Since the activity 
level is associated with the age, displacement along this 
line describes an evolution in the activity of such stars. 
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Fig. 9. Diagram of the chromospheric and coronal activ- 
ity for the late-type stars. The stars of the basic data set 
are marked as dots. The corresponding references are given 
above, or the summary table see Katsova & Livshits (2011). 
The investigated stars with measured Li abundance and 
with direct measurements of the logi?jjj^-indices (from the 
studies mentioned above) are marked as crosses inside the 
circles (violet). According to the type of a cycle, the stars 
of group Excellent are marked as red circles, the stars of 
Good group are indicated as blue asterisks; the Sun at the 
maximum and at the minimum is denoted by its own sign 
and connected by the direct line. 



The activity of all late-type stars evolves quickly during the 
first 1-2 Gyr, then their paths diverge and the stars cooler 
than the Sun displace below this line. Only several stars 
with detected Li are among these objects, while the others, 
revealed earlier on the same kind of diagram by Katsova & 
Livshits (j201ip are less active. 

Physically, the change in the relationship between the 
chromospheric and coronal indices reflects the change in 
the properties of the activity. Probably, that can be due to 
various depths of the convection zone in those stars and the 
change in conditions for the dynamo mechanism. A broad 
spread in estimations of the ages of late G and K stars 
from their activity levels and from the Li abundance is due 
to that circumstance. We believe that Li may be a better 
indicator of the age than the activity. We point out that the 
stars, classified in the HK Project as stars with "Excellent" 
cycles, are located on the diagram outside the main group 
of the F and earlier G-stars because the formation processes 
of the stellar cycles can be related to the above problems. 



8. Conclusion 

The physical parameters, [Fe/H], and the Li abundances 
were determined homogeneously for a sample of 24 FGK 
dwarfs, and the behaviour of the Li abundance was anal- 
ysed for 150 stars. For our sample of stars, including many 
BY Dra-type objects, the correlation between the chromo- 
spheric activity, measured by the logi?jjfj-index and rota- 
tion usini and between the Li abundance, rotation, and the 
logi?jjj^-index were considered for three groups of the stars 
with Teff from 6000 to 5700 K, T^s from 5700 to 5200 K 
and Tcff<5200 K. The high Li abundance was detected for 
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a small number of the stars with Tcff <5600 K. We can make 
two main conclusions. 

1. The correlation Li-activity is evident only in a restricted 
temperature range (Teg from 5700 to 5200 K). 

2. The Li abundance spread seems to be present in a group 
of low chromospheric activity stars that also show a 
broad spread in the chromospheric vs. coronal activity. 
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9. Appendix 

HD 139813 has both high X-ray emission (i?x=~3.75) and 
logi?HK=~4-40 (Wright et al. I2004p that indicates it is an 
active star. Its SIMBAD object type is a star in a double 
system with high proper motion and IR source. 

HD 185414 has logi?jjj^=-4.83 according to Baliunas 
et al. (|TW5|) . That star is in Takeda et al. (PUTU)) where 
its measurements indicate moderate activity (HIP 96396, 
ro(8542) = 0.218). 

HD 208038 is in Wright et al. but its colour is 

outside the boundaries for the logi?jjj^ determination. Its 
GrandS value (0.533) indicates some Can emission, so, it 
can be considered as an active one. 

We noted three stars with logi?jjj^ in the range -4.55 to 
-4.70 in Wright et al.f l2004p . but with no other indication 
of the activity (HD 4635, HD 105631, HD 184385). 
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